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Description 

This invention concerns a method for making 
thixo tropic materials. 

From US A 3,902,544 a process is known for 
forming a metal composition containing degener- 
ate dendritic primary solid particles homogene- 
ously suspended in a secondary phase having a 
lower melting point than the primary solids and 
having a different metal composition than the 
primary solids. In such thixotroplc alloys, both the 
secondary phase and the solid particles are de- 
rived from the same alloy composition. In such 
processes, the metal alloy Is heated to a point 
above the liquidus temperature of the metal alloy. 
The liquid metal alloy is thereafter passed into an 
agitation zone and cooling zone. The liquid alloy is 
vigorously agitated as it is cooled to solidify a 
portion of the metal alloy to prevent the formation 
of interconnected dendritic networks in the metal 
and form primary solids comprising discrete, 
degenerate dendrites ornodules. Surrounding the 
degenerate dendrites or nodules, is the remaining 
unsolidified liquid alloy. This liquid-solid metal 
alloy composition is then removed from the 
agitation zone. Such mixtures of liquids and solids 
are commonly referred to as thixotropic alloys. 

In GB A 1,543,206 some indications are given 
about requirements for an apparatus to operate 
continuously a process for casting thixotroplc 
melts. More in particular this apparatus should 
consist of some kind of mixing machine which 
would accept a continuous supply of liquid metal 
or alloy and deliver a slurry with rapid throughput 
and on a continuous basis. 

In Nat. Tech. Inf. Service, July 1979, 
AMMRC — CTR— 75 — 22 It is mentioned that cast- 
ing of a partially solidified slurry can be effected by 
die casting. 

U.S. Patent 3,936,298 issued February 3, 1976, to 
Robert Mehrabian, et al. describes a thixotropic 
metal composition and methods for preparing this 
liquid-solid alloy metal composition and methods 
for casting the metal compositions. This patent 
describes a composite composition having a third 
component These compositions are formed by 
heating a metallic alloy to a temperature at which 
most orall of the metallic composition is in a liquid 
state and feeding the liquid metal into a cooling 
zone where the metal is cooled while being 
vigorously agitated to convert any solid particles 
therein to degenerate dendrites or nodules having 
a generally spheroidal shape. The agitation can be 
initiated either while the metallic composition is all 
liquid or when a small portion of the metal is solid, 
but containing less solid than that which promotes 
the formation of a solid dendritic network. ' 

The types of thixotropic metals produced In the 
herein described invention have been described In 
U.S. Patent 3,902,544 and U.S. Patent 3,936,298. 
However, the method of making the alloy In the 
herein described invention is quite different from 
that described in the two above-mentioned 
patents. 

The Invention is a process for forming a liquid- 



solid metal composition from a material which, 
when frozen from its liquid state without agitation, 
forms dendritic structures. The method comprises 
feeding a solid having a non-thixotropic structure 

s to a screw extruder, passing the material through a 
feeding zone and into a heating zone, heating the 
material to a temperature greater than its liquidus 
temperature; cooling said material to a tempera- 
ture less than its liquidus temperature while sub- 

10 jectlng It to a shearing action sufficient to break at 
least a portion of the dendritic structures as they 
form; and feeding said material out of said extrud- 
er. Such a treatment results in a liquid-solid 
composition which has discrete degenerate de- 

is ndritic particles or nodules. The particles may 
comprise up to about 65 weight percent of the 
liquid-solid material composition. The thixotropic 
material processed by the herein-described inven- 
tion may be used in an injection molding process, 

20 forging process or in a die casting process. 

In a thixotropic state, the material consists of a 
number of solid particles, referred to as primary 
solids and also contains a secondary material. At 
these temperatures, the secondary material is a 

25 liquid material, surrounding the primary solids. 
This combination of materials results in a thixo- 
tropic material. 

It is known in the art that thixotro pic-type metal 
alloys may be prepared by subjecting a liquid 

30 metal alloy to vigorous agitation as It Is cooled to a 
temperature below its liquidus temperature. Such 
a process is shown in U.S. Patent 3,902,544, issued 
September 2, 1975, to M. C. Flemmings et al. It 
would be very desirable to produce a thixotroplc- 

35 type metal alloy in a one-step process by feeding a 
solid metal alloy and extracting a thixotropic metal 
alloy. Such a process has heretofore been un- 
known in the art The present invention provides a 
process whereby a no n-thlxotro pic-type metal 

40 alloy may be fed into an extruder and wf II produce, 
therein, a thixotropic metal alloy. 

The composition of this invention can be formed 
from any material system or pure material regard- 
less of its chemical composition which, when 

45 frozen from the liquid state without agitation 
forms a dendritic structure. Even though pure 
materials and eutectics melt at a single tempera- 
ture, they can be employed to form the com- 
position of this invention since they can exist in 

50 liquid-solid equilibrium at the melting point by 
controlling the net heat input or outputto the melt 
so that, at the melting point, the pure material or 
eutectic contains sufficient heat to fuse only a 
portion of the metal or eutectic liquid. This occurs 

55 since complete removal of heat of fusion in a slurry 
employed in the casting process of this invention 
cannot be obtained instantaneously due to the size 
of the casting normally used and the desired 
composition is obtained by equating the thermal 

60 energy supplied, for example by vigorous agita- 
tion, and that removed by a cooler surrounding 
environment 

The herein described invention is suitable for 
any material that forms dendritic structures when 

65 the material is cooled from a liquid state into a 
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solid state without agitation. Representative 
materials Include pure metals and metal alloys 
such as lead alloys, magnesium alloys, zinc 
alloys, aluminum alloys, copper alloys, iron 
alloys, nickel alloys and cobalt alloys. The solldus 
and liquidus temperatures of such alloys are well 
known In the art. 

Hereinafter, the invention will be described as 
being used for processing metal alloys. 

In the practice of the invention, a nonthixotropic 
metal alloy is used. That is, the alloys which have 
a dendritic structure. Conveniently, the nonthixo- 
tropic alloy may be formed into particles or chips 
of a convenient size for handling. The size of the 
particles used is not critical to the invention. How- 
ever, because of heat transfer and handling, it is 
preferred that a relatively small particle size be 
used. 

The shear required in the present invention 
may be provided in a number of ways. Suitable 
methods include, but are not limited to screw 
extruders, rotating plates and high speed agita- 
tion. 

A convenient way for processing the herein 
described metal alloy is by the user of an extrud- 
er. There are numerous types of extruders on the 
market. A torturous path extruder is suitable in 
the present invention. However, a screw extruder 
is preferred. In a screw extruder the material is fed 
from a hopper through the feed throat into the 
channel of the screw. The screw rotates in a 
barrel. The screw is driven by a motor. Heat is 
applied to the barrel from external heaters, and 
the temperature is measured by thermocouples. 
As the material is conveyed along the screw 
channel, it is heated sufficiently to form a liquid. 
Thereafter, it is cooled to a temperature below its 
liquidus temperature while it is subjected to 
shearing. 

Extruder barrels may be heated electrically, 
either by resistance or induction heaters, or by 
means of Jackets through which oil or other heat- 
transfer media are circulated. 

The temperature control on the metal alloy 
passing through the extruder may conveniently 
be done using a variety of heating mechanisms. 
An Induction coil type heater has been found to 
work very well in the invention. 

The size of single-screw extruders is described 
by the inside diameter of the barrel. Common 
extruder sizes are from 2.5 to 20 cm (1 to 8 
inches). Larger machines are made on a custom 
basis. Their capacities range from about 2.27 kg/ 
hr (5 Ib/hr) for the 2.5 cm (1-Inch) diameter unit to 
approximately 454 kg/hr (1,000 Ib/hr) for 20 cm 
diameter machines. 

The heart of the preferred extruder is the screw. 
Its function is to convey material from the hopper 
and through the channel. 

The barrel provides one of the surfaces for 
imparting shear to the material and the surface 
through which external heat is applied to the 
material. They should be designed to provide an 
adequate heat-transfer area and sufficient oppor- 
tunity for mixing and shearing. 



The extruder Is divided Into several heating and 
cooling zones. The first zone the material encoun- 
ters upon entering the extruder is a feeding zone. 
This zone is connected with a heating zone, where 

5 the material is heated to a temperature above its 
liquidus temperature. Thereafter, the material is 
conveyed into a third zone. The third zone is a 
cooling zone. In this zone, the material is cooled 
to a temperature less than its liquidus tempera- 

w ture. In this zone, the material is subjected to 
shearing forces. The shearing forces should be of 
a degree sufficient to break up at least a portion of 
the dendritic structures as they form. In the 
cooling zone the thixotro pic-type metal structure 

15 Is formed. After the cooling zone, the material is 
conveyed out of the extruder. The amount of 
solids in the resulting material is up to about 65 
weight percent of the solid-liquid composition. 
Preferred, are materials having from about 20 to 

20 about 40 weight percent solids. 

In the operation of the herein-described pro- 
cess, the material to be processed is granulated to 
a size which may be accommodated conveniently 
by the screw extruder. The granulated material 

25 may be placed into a preheat hopper. If the 
material to be processed is easily oxidized, then 
the hopper may be sealed and a protective atmos- 
phere may be placed around the material to mini- 
mize oxidation. For example, if the material is a 

30 magnesium alloy, argon has been found to be a 
convenient protective atmosphere. The material 
to be processed may be preheated while it is in 
the preheat hopper or It may be fed at ambient 
temperature into the screw extruder. If the 

35 material is to be preheated, it may be heated as 
high as temperatures which approach the solidus 
temperature of the metal alloy. Convenient pre- 
heat temperatures can range from 50°C to 500°C 
for magnesium alloys. Before material Is fed into 

40 the screw extruder, the screw extruder may be 
heated to a temperature near or above the 
liquidus temperature of the metal alloy to be pro- 
cessed. If a protective atmosphere is needed, the 
protective gas should be flowed through the 

45 screw extruder as well as through the preheat 
hopper. After the extruder cylinder has reached 
operating temperatures, feed from the preheat 
hopper to the extruder Is started. A zone is 
required which will prevent liquid material from 

so entering the area of the screw where the solid 
material is fed to the screw extruder. This first 
zone is hereinafter referred to as a feeding zone. 
The feeding zone contains solid material and sub- 
stantially prevents liquid material from entering 

55 the area. Liquid material is formed in a heating 
zone. As the material flows through the second 
zone of the screw extruder, the temperature of the 
metal is raised, by externally applied heat and by 
friction in the barrel, to a temperature above its 

60 liquidus temperature. The screw extruder moves 
the material Into a third zone, a cooling zone, by 
the turning of the screw toward the end of the 
extruder. In this zone, the material is cooled to a 
temperature below Its liquidus temperature. Dur- 

65 ing this cooling, the material is subjected to a 
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shear. The temperature of the metal should be 
measured and controlled as it flows through 
extruder. The temperature and the shearing 
action of the extruder cause a thlxotropic metal 
alloy to be formed. At this point, the thlxotropic 
metal exits the extruder and may be processed in 
a variety of ways. 

The shear exerted by the extruder occurs, for 
example, when the metal alloy, passing through 
the extruder, Is forced to flow through small 
channels on its way toward the exit. Additional 
shear is encountered because a portion of the 
alloy adheres to the wall and is removed from the 
wall by the action of the screw. This adherence 
and removal by the screw results in shearing 
action on the metal alloy. The degree and amount 
of shearing action required in the herein de- 
scribed process are variable. Sufficient shearing 
action is required to break at least a portion of the 
dendritic structure of the metal alloy, as it forms. 

As has been mentioned, it Is possible to injec- 
tion mold material produced in the herein-de- 
scribed process. If injection molding is desired, 
the injection molding machine, used to injection 
mold the thixotropic material, may Itself be used 
as an apparatus to process the material to form 
thixotropic alloys. It is unnecessary to process the 
material in an extruder prior to it being fed into an 
injection molding machine. Rather, metal alloys 
having a dendritic structure may be fed directly 
into an Injection molding machine. The material 
should be heated as it passes through the 
machine and subjected to shear forces exerted by 
the screw in the injection molding machine. As 
with the description of the extruder, the tempera- 
ture of the material should be greater than its 
liquidus temperature before being cooled and 
subjected to shear. This temperature control, in 
conjunction with the shear forces exerted by the 
injection molding machine, break up at least a 
portion of the dendritic structures in the metal 
alloy as they form. This converts the non-thixot- 
roplc metal alloy into a thixotropic metal alloy. 

A convenient type of injection molding machine 
to use in the herein-described process is a recip- 
rocating screw Injection molding machine. The 
steps of the molding process for a reciprocating 
screw machine with an hydraulic clamp are: 

1. Material is put into a hopper. 

2. Oil behind a clamp ram moves a moving 
platen, closing the mold. The pressure behind the 
clamp ram builds up, developing enough force to 
keep the mold closed during the injection cycle. If 
the force of the injecting material is greater than 
the clamp force, the moid will open. Material will 
flow past a parting line on the surface of the mold, 
producing "flash" which either has to be removed 
or the piece has to be rejected and reground. 

3. The material is sheared primarily by the 
turning of the screw. The material is heated as it 
passes through the machine. As the material Is 
heated, It moves forward along the screw flights 
to the front end of the screw. The pressure 
generated by the screw on the material forces the 
screw, screw drive system, and the hydraulic 



motor back, leaving a reservoir of material in front 
of the screw. The screw will continue to turn until 
the rearward motion of the injection assembly 
hits a limit switch, which stops the rotation. This 

5 limit switch Is adjustable, and Its location deter- 
mines the amount of material that will remain in 
front of the screw (the size of the "shot"). 

The pumping action of the screw also forces the 
hydraulic injection cylinders (one on each side of 

10 the screw) back. This return flow of oil from the 
hydraulic cylinders can be adjusted by the appro- 
priate valve. This is called "back pressure", which 
is adjustable from zero to about 28 kg/cm 2 (400 
psi). 

15 4. Most machines will retract the screw slightly 
at this point to decompress the material so that It 
does not "drool" out of the nozzle. This is called 
the "suck back" and is usually controlled by a 
timer. 

20 5. Two hydraulic injection cylinders now bring 
the screw forward, injecting the material into the 
mold cavity. The injection pressure is maintained 
for a predetermined length of time. Most of the 
time there is a valve at the tip of the screw that 

25 prevents material from leaking into the flights of 
the screw during injection. It opens when the 
screw is turning, permitting the material to flow in 
front of it. 

6. The oil velocity and pressure in the two injec- 
30 tion cylinders develop enough speed to fill the 

mold as quickly as needed and maintain sufficient 
pressure to mold a part free from sink marks, flow 
marks, welds, and other defects. 

7. As the material cools, it becomes more 
35 viscous and solidifies to the point where main- 
taining injection pressure is no longer of value. 

8. Heat may be continually removed from the 
mold by circulating cooling media (usually water) 
through drilled holes in the mold. The amount of 

40 time needed for the part to solidify so that it might 
be ejected from the mold is set on the clamp 
timer. When it times out, the movable platen 
returns to its original position, opening the mold. 

9. An ejection mechanism separates the 
45 molded part from the mold and the machine is 

ready for its next cycle. 

Additionally, the material may be formed into 
parts using die casting machines. Preferred types 
of die casting machines are cold chamber high 
so pressure die casting machines and centrifugal 
casting machines. High pressure die casting 
machines generally operate at injection pressures 
In excess of about 70 kg/cm 2 (1,000 pounds per 
square inch). 

55 Also, the material formed in the herein-de- 
scribed invention, may be formed into parts using 
conventional forging techniques. 

The herein-described invention is concerned 
with generally horizontal screw extruders. Liquid 
so feed will not work with such extruders. Thus, the 
feed material must be in a solid state. 

The herein-described invention is illustrated in 
the following example. 

65 



Example 1 

A non-thixotropic magnesium alloy, AZ91 B was 
processed Into a thixotroplc alloy. Magnesium 
alloy AZ91B has a llquldus temperature of 596°C 
and a solidus temperature of 468°C. The nominal 
composition for magnesium alloy AZ91B is 9 
percent aluminum, 0.7 percent zinc, 0.2 percent 
manganese, with the remainder being mag- 
nesium. 

The magnesium alloy AZ91B was formed into 
chips having an irregular shape with an appro- 
priate mesh size of about 50 mesh or larger. A 
quantity of AZ91B alloy chips were placed in a 
preheat hopper which was attached to a screw 
extruder. The hopper was sealed and an inert 
atmosphere of argon was placed internally to 
minimize oxidation of the magnesium AZ91B 
alloy. The chips were fed into the chamber of a 
screw extruder. The inside diameter of the screw 
extruder chamber was 5.7 cm (2-1/4 inches). The 
screw was made of AISI H-21 steel and heat 
treated. The cylinder, likewise was made of AISI 
H-21 steel and heat treated. The screw had a 
constant pitch of 5.7 cm (2.25 Inches), a constant 
root of 4.04 cm (1.591 inches), and a total length 
of 112.5 cm (44.3 inches). A ten horsepower (7.35 
kW), 1800 rpm motor provided power to the 
screw through a gear box. The gear box turned 
the screw at a rate of from about 0 rpm to about 
27 rpm. Twenty-two thermocouples were fas- 
tened to the surface of the screw cylinder and 22 
were imbedded into the cylinder about 0.16 cm (1/ 
16 of an inch) from the Inside Interior surface. 

The extruder screw rpm was set at 15.1. The 
extruder was starve fed at a feed rate of AZ91B 
alloy of about 10 kg (22 pounds) per hour. The 
temperature of the alloy as it passed through the 
screw extruder reached a maximum temperature 
of 620°C. This is above the liquidus temperature 
of AZ91B alloy. The AZ91B alloy was then cooled 
to a temperature of 581°C while being subjected 
to shear. The material was then extruded from the 
end of an extruder through an orifice. The 
material was converted from an alloy having a 
dendritic structure to an alloy having a thixo- 
tropic-type liquid-solid structure. The melt tem- 
perature was 585°C which corresponds to a 
weight percent solids of about 20 percent. 

Claims 

1. A process for the production of liquid-solid 
metal alloy comprising (a) feeding a solid metal 
alloy having dendritic structures into an extruder; 
(b) passing said alloy through a feeding zone in 
the extruder; (c) heating said metal alloy to a tem- 
perature greater than its liquidus temperature as 
it passes through a heating zone in the extruder; 
(d) cooling said alloy to a temperature range of 
greater than the solidus and less than the liquidus 
temperature of the alloy; (e) shearing said cooled 
metal alloy with a screw of a rotating plate at a 
force sufficient to break at least a portion of the 
dendritic structures as they form; and (f) remov- 
ing said alloy from said extruder. 
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2. The process of claim 1 wherein the solid 
metal alloy is fed into a screw extruder. 

3. The process of claim 1 or 2 wherein the solid 
metal alloy is a magnesium alloy. 

5 4. The process of claim 3 wherein the mag- 
nesium alloy contains 9 weight % aluminum, 0.7 
weight % zinc, 0.2 weight % manganese, the 
remainder being magnesium. 

5. The process of any one of the preceding 
io claims wherein the alloy fed out of said extruder 

contains up to about 65 weight percent solids. 

6. The process of any one of the preceding 
claims wherein a high pressure, cold chamber die 
casting machine is used to form the removed 

is alloy into a shape. 

7. The process of claim 1, 3 or 4, where the 
extruder Is an Injection molding machine. 

8. The process of any one of claims 1 to 5 
including the step of forming the removed alloy 

20 into a shape by injection molding. 

9. The process of any one of the preceding 
claims 1 to 5 including the step of forming the 
removed alloy into a shape by forging. 

25 Patentanspruche 

1. Verfahren zur Herstellung einer flusslg/fest 
Metallegierung durch 

(a) Zufuhren einer festen Metallegierung mit 
30 Dentritenstruktur in einen Extruder, 

(b) HindurchfOhren der Legierung durch eine 
ZufOhrzone im Extruder, 

(c) ErwSrmen der Metallegierung auf eine Tem- 
peratur, die hoher ist als die Uquidustemperatur 

35 wahrend des Durchgangs durch eine Heizzone im 
Extruder, 

(d) AbkQhlen der Legierung in einen Tem- 
peraturbereich, der groSer ist als die Solidus- und 
kleiner als die Uquidustemperatur der Legierung, 

40 (e) Scheren der kalten Metallegierung mit einer 
Schnecke oder einer rotierenden Platte mit einer 
Kraft, die ausreicht, urn mindestens einen Teil der 
Dentritenstruktur bei ihrer Bildung zu brechen 
und 

45 (f) AbfQhren der Legierung aus dem Extruder. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zelchnet, daB die feste Metallegierung einem 
Schneckenextruder zugefuhrt wird. 

3. Verfahren nach Anspruchen 1 oder 2, da- 
so durch gekennzeichnet, daB die feste Metallegie- 
rung eine Magnesiumlegierung ist. 

4 Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die Magnesiumlegierung 9 Gew.% 
Aluminium, 0,7 Gew.% Zink, 0,2 Gew.% Mangan 

55 und als Rest Magnesium enthSIt 

5. Verfahren nach jedem der vorstehenden 
AnsprOche, dadurch gekennzeichnet, daB die aus 
dem Extruder ausgebrachte Legierung bis zu 
etwa 65 Gew.% Feststoffe enthSlt. 

60 6. Verfahren nach jedem der vorstehenden 
AnsprOche, dadurch gekennzeichnet, daB man 
eine Hochdruck-Kaltkammer-DruckguBmaschine 
verwendet, um der ausgestoBenen Legierung 
eine Gestalt zu geben. 

65 7. Verfahren nach AnsprOchen 1, 3 oder 4, 
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dadurch gekennzeichnet, daB der Extruder sine 
SpritzguBmaschine ist 

8. Verfahren nach jedem der vorstehenden 
AnsprQche 1—5, dadurch gekennzeichnet, daB 
es das Formen der ausgetragenen Legierung 
durch SpritzgieSen einschlieBt 

9. Verfahren nach jedem der vorstehenden 
AnsprQche 1—5, dadurch gekennzeichnet, daB 
es das Formen der ausgestoBenen Legierung 
durch Schmieden einschlieBt 

Revendicatlons 

1. Procede de fabrication d'un alliage m^tal- 
lique liquide-solide comprenant (a) ('introduc- 
tion d'un alliage metallique solide ayant des 
structures dendritiques dans una extrudeuse; 
(b) le passage de I'alliage a travers une zone 
d'alimentation dans I'extrudeuse; (c) le chauf- 
fage de I'alliage metallique a une temperature 
supe>ieure a sa temperature de llquidus pen- 
dant son passage a travers une zone de chauf- 
fage dans I'extrudeuse; (d) le refroidissement 
dudit alliage a une gamme de temperature 
sup6rieure a la temperature de solidus et infe- 
rieure a la temperature de liquidus de I'alliage; 
(e) le cisaillement dudit alliage metallique re- 
froidi a I'aide d'une vis ou d'un plateau rotatif, 
avec une force suffisante pour casser au 
moins une partie des structures dendritiques 
pendant leur formation; et (f) l'6vacuation de 
i'alliage de I'extrudeuse. 
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2. Proc6de selon la revendication 1, carac- 
terise en ce que I'alliage metallique solide est 
introduit dans une extrudeuse a vis. 

3. Procede selon les revendications 1 ou 2, 
5 caracterise en ce que I'alliage metallique solide 

est un alliage de magnesium. 

4. Procede selon la revendication 3, carac- 
terise en ce que I'alliage de magnesium con- 
tient 9 % en poids d'aluminium, 0,7 % en 

10 poids de zinc, 0,2 % en poids de manganese, 
le reste etant du magnesium. 

5. Procede selon I'une quelconque des 
revendications pr6c6dentes, caracterise en ce 
que i'alliage evacue de ladite extrudeuse con- 

15 tient jusqu'a environ 65% en poids de ma- 
tures solldes. 

6. Procede selon I'une quelconque des 
revendications precedentes, caracterise en ce 
qu'on utilise une machine de coulage sous 

20 pression a chambre frolde, a pression eievee 
pour le formage de I'alliage £vacue. 

7. Proc6de selon la revendication 1, 3 ou 4, 
caracterise en ce que I'extrudeuse est une 
machine de moulage par injection. 

25 8. Procede selon I'une quelconque des 
revendications 1 a 5 comprenant I'etape de 
formage de I'alliage 6vacue, par moulage par 
injection. 

9. Procede selon I'une quelconque des 
30 precedentes revendications 1 a 5, comprenant 
I'etape de formage de I'alliage evacue, par for- 
geage. 
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